Microelectronics

As part of this master's project, a RISC-V-based ap-
plication-specific integrated circuit (ASIC) was deve-
loped to serve as a sensor front-end. The purpose is to
serve as a demonstration of chip design with a 18onm
manufacturing process. The chip integrates a RISC-
V microprocessor core with an analog front end into
the IP library of the Institute of Microelectronics,
Embedded Systems and Sensors (IMES).
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Analog

The ASIC offers a variety of tools to measure a wide
range of impedances. The analog channel is equipped
with two digital-to-analog converters (DACs) that can
drive a current up to 0.8 mA over a 3.3 voltage range.
Signal acquisition is performed by two instrumenta-
tion amplifiers that allow simultaneous measurement
of current and voltage. This is followed by two 10-bit
analog-to-digital converters (ADCs) with a sampling
rate of 1 MS/s. One of the DACs compensates for the
measurement voltage resulting from the base capa-
citance of the sensor. Eliminating the DC component
allows higher gain in the analog amplifier stage and
better utilization of the ADC range.

Controller

An open source microcontroller, PULPissimo, which
is described in SystemVerilog, is used as the onboard
signal processor. This core supports several digital
interfaces, including 12C, UART, and SPI, for transfer-
ring measurements to further external components. In
addition, it is possible to connect external flash via a
quad SPI interface.

System

The system-on-a-chip (SoC) was implemented using
a field-programmable gate array (FPGA) and modified
for synthesis in a 180nm process. The chip has 36 kB of
RAM and supports clock rates of up to 40 MHz. The de-
dicated digital lock-in amplifiers are connected to the
microcontroller via an AXI bus. For the sensor front-end
application, the DMA has been extended to enable effi-
cient evaluation of the ADC and lock-in amplifiers. The
configuration of the analog component is included in
the memory map of the SoC.
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